Introduction: The number of elderly hemodialysis patients continues to grow. The aim of this study was to investigate differences in elderly high flow access patients compared with middle-aged and young patients. Methods: We performed a retrospective study to determine the characteristics of elderly patients (aged >60 years) following blood flow suppression procedures. Preoperative and postoperative data from 177 patients who underwent blood flow suppression procedures and 73 patients who underwent procedures for run-off vein ligation and subcutaneous fixation of the superficial artery were compared. Results: A high proportion of young (aged 20-40 years) and middle-aged (aged 41-60 years) patients met the criteria for blood flow suppression procedures (flow volume 1500 mL/min, flow volume/cardiac output 35%), whereas a high proportion of elderly patients did not. Moreover, heart strain could evidently be caused even with low flow volume. In elderly patients, a tricuspid regurgitation pressure gradient and right heart strain were observed more frequently. Conclusion: Elderly patients who underwent blood flow suppression procedures or subcutaneous fixation of the superficial artery exhibited lower flow volume, and the effects of high flow access in elderly patients depend on the nature of vascular changes. Ultimately, the underlying conditions and hemodynamics of each patient must be determined on an individual basis.
Introduction
A vascular access route is described as high flow access (HFA) when there is evidence that an elevated flow volume (FV) is impairing circulatory dynamics. The risk of highoutput heart failure is reportedly significantly increased when the FV of the vascular access exceeds 1500-2000 mL/ min or the FV/cardiac output ratio (Flow/CO) exceeds 30%-35%. 1 Even when FV is less than 1500 mL/min, the Flow/CO may be elevated in patients with impaired cardiac output. Moreover, even lower values may be indicative of relatively excessive blood flow, depending on the patient's condition. In the event of high-output heart failure, blood flow suppression surgery is required.
The number of elderly hemodialysis patients continues to grow. To investigate differences in elderly HFA patients compared to young and middle-aged patients, we performed a retrospective study to determine the characteristics of elderly patients after blood flow suppression procedures.
Methods

Patients
We enrolled 250 patients undergoing maintenance hemodialysis who had high-output heart failure caused by HFA in an arteriovenous fistula (AVF) between October 2007 and October 2017. Regarding these patients, the patients who met the guideline 2 of JSDA: "The flow volume of the vascular access exceeds 1500L/min or the FV/cardiac output (Flow/ CO) exceeds 35%" were considered suitable for surgery.
Also out of the patients in whose case, even when FV is less than 1500 mL/min, the Flow/CO, there were patients who were considered to have heart failure due to vascular access by the doctor's decision. In case of these patients, "procedures for run-off vein ligation and subcutaneous fixation of the superficial artery (SFSA)" were conducted. Their demographic and clinical characteristics were recorded from their hospital records.
Preoperative and postoperative data from 177 patients who underwent blood flow suppression procedures and 73 patients who underwent procedures for run-off vein ligation and SFSA are summarized in Table 1 . Subjects were classified as young if they were aged 20-40 years, middle-aged if they were aged 41-60 years, and elderly if they were aged above 60 years. The study protocol complied with the guidelines of the 2004 revision of the Declaration of Helsinki, and was approved by the ethics committee of the Kanno Dialysis and Vascular Access Clinic in Nagano, Japan. Written informed consent for the use of their clinical data was obtained from each patient.
Blood flow suppression methods
At the Kanno Dialysis and Vascular Access Clinic in Nagano, Japan, patients underwent the following three different blood flow suppression methods; details pertaining to these three methods are described in Kanno et al.: 3 Proximal artery banding for AVF anastomosis + distal artery ligation for anastomosis; draining vein banding for AVF anastomosis; and anastoplasty for AVF anastomosis. Each surgical method was performed by the same surgeon, in the clinic.
Selection of blood flow suppression procedure or run-off vein procedure and SFSA
Patients with strong heart failure symptoms accompanied by excessive blood flow underwent ligation and SFSA instead of a blood flow suppression procedure.
If a blood flow suppression procedure was deemed to be required, the surgeon decided on the method based mainly on the condition of the patient's blood vessel.
Method of measuring FV
The mean FV was measured in both brachial arteries via Doppler ultrasound (Aplio 500, TUS-A500; Toshiba Medical Systems Co., Otawara, Japan). FV was defined as the difference between flow in the arm with the shunt and the contralateral arm, 4 and FVs were compared before and after blood flow suppression.
Statistical analysis
Differences in continuous variables between the groups were examined via the Kruskal-Wallis test. All statistical analyses were performed using SPSS version 24.0 (SPSS, Inc., Chicago, Illinois, USA), and p < 0.05 was deemed to indicate statistical significance.
Results
After blood flow suppression procedures, FV and FV/CO were reduced in all three age groups (p < 0.001).
Comparisons of preoperative FV and FV/CO in young, middle-aged, and elderly patients showed that a high proportion of young and middle-aged patients met the criteria for blood flow suppression procedures (FV 1500 mL/min, FV/CO 35%), while a high proportion of elderly patients did not (Figure 1 ).
Almost none of the patients who underwent SFSA and ligation met the criteria for blood flow suppression procedures, suggesting that heart strain can be caused even when FV is low (Figure 2 ). Non-age-based comparisons showed an increase in the ejection fraction (EF) following blood flow suppression procedures (p = 0.026). However, no increases in EF were observed in patients aged ≥71 years. A comparison of EF determined via cardiac 
SFSA: subcutaneous fixation of the superficial artery; HD: hemodialysis; DM: diabetes mellitus.
ultrasound showed that elderly patients who underwent blood flow suppression procedures tended to have low EF values, whereas no age differences were observed in patients who underwent SFSA and ligation.
Cardiac ultrasound demonstrated that many of the young and middle-aged patients experienced hypokinesis due to coronary conditions such as asynergy, whereas many of the elderly patients did not show asynergy (Figure 3 ). We also Figure 1 . Age distribution of patients who underwent surgery for excessive blood flow. The median preoperative flow volume in the 41-to 50-year-old group was more than 1500 mL/min, whereas the median flow volume/cardiac output in the 31-to 40-yearold group was more than 30%. Comparison of flow volume and flow volume/cardiac output by age. Among the patients who underwent blood flow control, there was variability in preoperative flow volume and flow volume/cardiac output. The flow volume was under 1500 mL/ min-which is the maximum rate stipulated by guidelines-in all patients whose outflow vein was ligated, and the superficial artery of the upper arm was subcutaneously fixed. Moreover, the flow volume was lower than 1000 mL/min in most subjects. The flow volume/cardiac output was less than 35%.
observed that the prevalence of aortic stenosis was positively correlated with patient age. The prevalence was particularly high in patients who underwent SFSA and ligation (Figure 4) .
After the blood flow suppression procedures, reductions in a tricuspid regurgitation pressure gradients (Tr-PGs) were observed in all three age groups (p = 0.0026). In elderly patients, Tr-PG and right heart strain were more frequent. After the blood flow suppression procedures, cardiothoracic ratio (CTR) determined via chest X-ray had decreased in all three age groups (p = 0.0012). A comparison of CTR determined via chest X-ray before and after blood flow suppression procedures showed that there was not a greater reduction in CTR in older patients ( Figure 5 ).
Discussion
Because the frequency and severity of congestive heart failure and aortic stenosis due to reduced cardiac reserve are high in elderly patients, blood flow suppression methods are often used after a decrease in EF and an elevation in right heart strain. Many elderly patients require SFSA and ligation because they cannot tolerate a preload on shunt blood flow. Elderly patients often have relatively high FV due to arteriosclerotic lesions, which accounts for their likelihood of not exhibiting much improvement in symptoms secondary to HFA-induced steal syndrome, such as coldness or numbness of the limbs, or other general symptoms before and after undergoing blood flow suppression procedures. Therefore, elderly patients show fewer changes in FV before and after surgery than younger patients. HFA can impair the balance of the autonomic nervous system, which is likely to be dysfunctional or imbalanced in elderly patients. Moreover, the severity of FV often determines the likelihood of elderly patients developing an imbalance in their autonomic nervous system. Thus, elderly patients with low FV exhibit reduced improvements in the balance of the Comparisons of ejection fraction determined via cardiac ultrasonography revealed that elderly patients who had undergone surgeries for blood flow suppression tended to exhibit lower ejection fraction, while age-based differences were absent in patients who had undergone subcutaneous fixation of the superficial artery and ligation. Based on cardiac ultrasonography investigations, decreased wall motion associated with coronary conditions, such as asynergy, was observed in many young patients; whereas asynergy was absent in many elderly patients.
AS-PG: aortic valve pressure gradient; SFSA: subcutaneous fixation of the superficial artery.
autonomic nervous system before and after undergoing blood flow suppression procedures than younger patients.
This study had some limitations. First, the technical difficulty of the various blood suppression methods was not considered, and therapeutic outcomes might have been different if more than one surgeon had undertaken the procedures. Second, it was a single-center investigation rather than a multicenter study.
In conclusion, in this study elderly patients who underwent blood flow suppression procedures or SFSA exhibited lower FV than patients in other age groups. The effects of HFA on the elderly depend on the nature of vascular changes present, such as arteriosclerosis. The underlying conditions and hemodynamics of each patient must be determined on an individual basis.
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Figure 5.
Comparison of tricuspid regurgitation pressure gradient and cardiothoracic ratio by age before and after the blood flow control procedure. Blood flow control procedures were performed in patients who presented with findings of right cardiac load with increasing age. Furthermore, chest X-ray images showed that there were improvements in cardiac expansion before and after blood flow control procedures with increasing age.
